in radiation therapy. Issues related patient complication, marker migration, dropping, and deformation will be addressed.  Issues related to image guidance techniques with target surrogates will be discussed. PTV margin requirements for implanted marker guided setup and localization accuracy will be discussed for prostate, lung, liver/pancreas, and breast. Marker applications in verifying the accuracy of respiratory gated treatments will also be discussed.  Issues related to patient safety during implantation and imaging acquisition will be addressed. QA programs and guidelines for end-to-end commissioning will be addressed alloy (87% Au, 6% Pd, 4.5% Fe, In, Sn)
1.6 mm diameter spheres 3
The inferior, superior-lateral, and posterior borders of the prostate
Crook et al [3]
Gold cylinders 0.08 cm in diameter and 3 cm in length Gold cylinders 0.9 mm diameter gold wires cut to lengths of 0.9 -1.2 mm 3 Two markers were placed near the superior lateral borders of the prostate and the third was placed near the apex
Dehnad et al [7]
Porous gold 1.2 -2.0 mm 4 -5 1-9
Pouliot et al [9]
3 mm by 1.1 mm cylinders 3 Two markers were placed laterally on each side of the base and a third marker was placed at the apex, slightly off the midline to avoid urethral puncture
Herman et al [10]
Gold cylinders 1.2 mm diameter by 3 mm length 3
The apex, mid-gland, and at the base
Beaulieu et al [24]
Gold cylinders 2.6 mm in length and 1.6 mm in diameter 3
The base (posterior part), mid-gland and apex (posterior part)
Chung et al [12]
Gold cylinders 1 -5 mm 3 One each at the base, posterior mid portion and apex, beneath the prostatic capsule
>=3

Schallenka mp et al [14]
Gold cylinders 1 mm in diameter and 3 mm long
-4 Prostate
Kupelian et al [15]
Gold cylinders 0.7 to 0.8 mm in diameter and from 3 to 5 mm in length 3 Two markers were implanted toward the base of the prostate gland or at midgland, and 1 marker was implanted toward the apex. Gold cylinders diameter 1 mm, length 5 mm 3 Prostate 7
Haverkort et al [146]
Gold cylinders 4 Two markers were placed at the base in each lobe and two at the apical area of each lobe
>=4
Mutanga et al [36]
Gold cylinders a diameter of 1mm and a height of 5 mm 3-4 Prostate >=7
Schiffner et al [20]
Gold cylinders 1.1 mm in diameter and 3 mm in length Gold rings 2 mm in diameter 6 Sutured to the superior, inferior, medial, lateral, and posterior walls of the surgical cavity.
Kirova et al. [100]
Surgical clips 2-5 Around lumpectomy cavity Gold markers with EPID localization 6 6 6
Schallenkamp et al. [14]
Gold markers with EPID localization 2.8 2.9 2.7
van der Heide [148]
Gold markers with EPID localization 1.8 4.0 2.5
Cheung et al. [149]
Gold markers with EPID localization 3 4 3
Beltran et al. [150]
Gold markers with EPID localization 4.3 4.8 4.9
Skarsgard et al. [151]
Gold markers with EPID localization 3.6 3.7 3.7 
QUALITY ASSURANCE
System QA  End-to-end commissioning performed.  Accuracy of the marker imaging system should be checked periodically. This includes daily, monthly and annual checks.  Pre-treatment QA of the fiducial detection and localization system should be performed, and recalibrated if necessary.
